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(57) ABSTRACT

A metal-ceramic multilayer structure 1s provided. The under-
lying layers of the metal/ceramic multilayer structure have
sloped sidewalls such that cracking of the metal-ceramic mul-
tilayer structure may be reduced or eliminated. In an embodi-
ment, a layer immediately underlying the metal-ceramic mul-
tilayer has sidewalls sloped less than 75 degrees. Subsequent
layers underlying the layer immediately underlying the
metal/ceramic layer have sidewalls sloped greater than 735
degrees. In this manner, less stress 1s applied to the overlying
metal/ceramic layer, particularly 1n the corners, thereby
reducing the cracking of the metal-ceramic multilayer. The
metal/ceramic multilayer structure includes one or more
alternating layers of a metal seed layer and a ceramic layer.

27 Claims, 6 Drawing Sheets
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METAL-CERAMIC MULTILAYER
STRUCTURE

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/169,119, filed on Apr. 14, 2009,
entitled “Metal-Ceramic Multilayer Structure,” which appli-
cation 1s hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to semiconductor
devices and, more particularly, to micro-electro-mechanical
structures.

BACKGROUND

Micro-electro-mechanical structures (MEMS) integrate
clectrical elements with mechanical elements on a micro
scale using mircofabrication. The integration of mechanical
clements with electrical elements allows for the creation of a
complete system on a chip, such that the electronics of a chup
may physically interact with the external environment.
MEMS are often formed utilizing processes similar to those
used to fabricate traditional CMOS 1ntegrated circuits, such
as the formation and removal of material layers to form com-
ponents of a device. The use of similar formation processes
allows MEMS structures to be created using integrated circuit
manufacturing facilities and equipment, allowing the creation
of, for example, microphones, gyroscopes, accelerometers,
and micro inkjet heads that are integrated with CMOS circuits
on a single chip. Similar to mtegrated circuit manufacturing,
MEMS are typically formed 1n bulk processes on a semicon-
ductor water.

MEMS often utilize metal/ceramic layers to form intercon-
nections between a MEMS device on a semiconductor wafer,
other MEMS devices on the semiconductor water, and inte-
grated circuits on the semiconductor water; metal/ceramic
layers are also used for adhesion layers, strengthening layers,
and buffer layers. The metal/ceramic layers are typically
formed with a sputtering process after the formation of the
MEMS devices. A person of ordinary skill in the art will
recognize that metal/ceramic layers formed with a sputtering
process will exhibit CVD-like deposition 1n which a layer 1s
tformed on horizontal surfaces that 1s thicker than the layer
formed on vertical surfaces, such as the sidewall of variable
topography MEMS structures. Thus, when variable topogra-
phy exists on the surface of the water structures, the resultant
metal/ceramic layers are thin along the sidewalls of changes
in the surface topography.

As aresult of the thin sidewall metal/ceramic layers, cracks
in the metal/ceramic layers often form at changes in the
surface topography, 1.e., in corner regions. The cracks hinder
the ability of the metal/ceramic layers to perform their
intended function, often resulting in locations of high resis-
tance and a lack of structural support. Therefore, there 1s a
need for a system and/or method for forming the metal/ce-
ramic layers.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
embodiments of the present imvention which provide a
strengthened semiconductor water and a method for forming
the same.

In accordance with an illustrated embodiment of the
present mvention, a semiconductor device 1s provided. The
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semiconductor device includes a substrate, a first layer
formed over the substrate, the first layer having a sidewall
slope of 75 degrees or less, and one or more metal/ceramic
layers formed over the first layer.

In accordance with another embodiment of the present
invention, a semiconductor device 1s provided. The semicon-
ductor device comprises a substrate and one or more layers
formed over the substrate, the one or more layers having a
sidewall slope of greater than 75 degrees. The semiconductor
device further comprises a first layer formed over the one or
more layers, the first layer having a sidewall slope of 75
degrees or less, and one or more metal/ceramic layers formed
over the first layer.

In accordance with yet another embodiment of the present
invention, a MEMS device 1s provided. The MEMS device
comprises a substrate, and one or more layers formed over the
substrate, the one or more layers having sloped sidewalls. The
MEMS device further comprises a first layer formed over the
one or more layers, the first layer having sloped sidewalls, the
sloped sidewalls of the one or more layers having a greater
slope than the sloped sidewalls of the first layer, and one or
more metal/ceramic layers formed over the first layer and the
one or more layers.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
following descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIGS. 1-11 illustrate intermediate stages 1n the process for

forming crack-less metal/ceramic layers on variable topogra-
phy MEMS.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

The making and using of the presently 1llustrated embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

FIGS. 1-11 are cross-sectional views of intermediate
stages 1n the making of an embodiment of the present inven-
tion. The embodiment shown 1llustrates one instance of the
use of metal/ceramic layers disclosed by the present mnven-
tion. Other embodiments within the scope of the present
invention may include any structure in which metal/ceramic
layers are used, such as micro-electro-mechanical (MEMS)
devices. MEMS devices may include, for example, micro
inkjet heads, gyroscopes, accelerometers, microphones, or
the like.

Referring first to FIG. 1, a first substrate 112 1s shown
having electrical circuitry 113 formed thereon. The first sub-
strate 112 may comprise, for example, bulk silicon, doped or
undoped, or an active layer of a semiconductor-on-insulator
(SOI) substrate. Generally, an SOI substrate comprises a
layer of a semiconductor material, such as silicon, formed on
an 1nsulator layer. The insulator layer may be, for example, a
buried oxide (BOX) layer or a silicon oxide layer. The 1nsu-
lator layer 1s provided on a substrate, typically a silicon or
glass substrate. Other substrates, such as a multi-layered or
gradient substrates may also be used.

The electrical circuitry 113 formed on the first substrate
112 may be any type of circuitry suitable for a particular
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application. In an embodiment, the circuitry includes electri-
cal devices formed on the substrate with one or more dielec-
tric layers overlying the electrical devices. Metal layers may
be formed between dielectric layers to route electrical signals
between the electrical devices. Electrical devices may also be
formed 1n one or more dielectric layers.

For example, the electrical circuitry 113 may include vari-
ous N-type metal-oxide semiconductor (NMOS) and/or
P-type metal-oxide semiconductor (PMOS) devices, such as
transistors, capacitors, resistors, diodes, photo-diodes, fuses,
and the like, interconnected to perform one or more functions.
The functions may include memory structures, processing
structures, sensors, amplifiers, power distribution, input/out-
put circuitry, or the like. One of ordinary skill 1n the art waill
appreciate that the above examples are provided for 1llustra-

tive purposes only to further explain applications of the
present invention and are not meant to limit the present inven-
tion 1n any manner. Other circuitry may be used as appropri-
ate for a grven application.

Also shown 1n FIG. 1 1s an inter-layer dielectric (ILD) layer
116. The ILD layer 116 may be formed, for example, of a

low-K dielectric material, such as phosphosilicate glass
(PSG), borophosphosilicate glass (BPSG), fluorinated sili-
cate glass (FSG), S10,C,, Spin-On-Glass, Spin-On-Poly-
mers, silicon carbon material, compounds thereol, compos-
ites thereol, combinations thereof or the like, by any suitable
method known 1n the art, such as spinning, chemical vapor
deposition (CVD), and plasma-enhanced CVD (PECVD). It
should also be noted that the ILD layer 116 may comprise a
plurality of dielectric layers, with or without an etch stop
layer (not shown) formed between adjacent dielectric layers.

Contacts 118 are formed through the ILD layer 116 to
provide an electrical contact to the electrical circuitry 113.
The contacts 118 may be formed, for example, by using
photolithography techniques to deposit and pattern a photo-
resist material on the ILD layer 116 to expose portions of the
ILD layer 116 that are to become the contacts 118. An etch
process, such as an anisotropic dry etch process, may be used
to create opemings 1n the ILD layer 116. In the illustrated
embodiment, the openings are lined with a diffusion barrier
layer and/or an adhesion layer (not shown), and filled with a
conductive material. The diffusion barrier layer may com-
prise one or more layers of TaN, Ta, TiN, T1, CoW, or the like,
and the conductive material comprises copper, tungsten, alu-
minum, silver, and combinations thereot, or the like, thereby
forming the contacts 118 as illustrated in FIG. 1.

One or more inter-metal dielectric (IMD) layers 120 and
the associated metallization layers (not shown) are formed
over the ILD layer 116. Generally, the one or more IMD
layers 120 and the associated metallization layers are used to
interconnect the electrical circuitry 113 to each other and to
provide an external electrical connection. The IMD layers
120 may be formed of a low-K dielectric material, such as
fluorosilicate glass (FSG) formed by PECVD technmiques or
high-density plasma CVD (HDPCVD) or the like, and may
include mtermediate etch stop layers (not shown).

Referring now to FIG. 2, a passivation layer 203 1s formed
over the top metallization layer. The passivation layer 203
insulates the top metallization layer from undesired contacts
with structures formed above the top metallization layer and
can comprise silicon dioxide, silicon nitride, or the like,
tormed with any suitable process, such as CVD, PECVD, or

the like. A first MEMS layer 2014 1s formed over the passi-
vation layer 203. It should be noted that the first MEMS layer
201a represents a layer upon which a ceramic layer may be
tformed 1n subsequent processing, and as such, may comprise
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a layer of, for example, a MEMS device, such as a MEMS
microphone, a MEMS accelerometer or gyroscope, a MEMS

inkjet head, or the like.

Referring now to FIG. 3, excess portions of the of the first
MEMS layer 201qa are removed. In an embodiment in which
the first MEMS layer 201a comprises a silicon-based mate-
rial, such as S1N, S10, or the like, an anisotropic dry etching
process may be used, thereby resulting 1n the first MEMS
structure 2015. Thereafter, a second MEMS layer 2024 1s
formed over the first MEMS structure 2015, as illustrated 1n
FIG. 4. It should be noted that the second MEMS layer 202qa

represents a layer upon which a ceramic layer may be formed

in subsequent processing, and as such, may comprise a layer
of, for example, a MEMS device, such as a MEMS micro-

phone, a MEMS accelerometer or gyroscope, a MEMS inkjet
head, or the like.
A patterned photoresist layer 204 1s then formed over the

second MEMS layer 202a, as 1llustrated 1in FIG. 5. The pho-

toresist layer 204 1s exposed through a photomask allowing
light to 1impinge on the photoresist, and the photoresist 1s
developed to form the pattern of the photoresist layer 204
shown i FIG. 5. In an embodiment in which the second
MEMS layer 202a comprises a silicon-based material, such
as SiIN, S10, or the like, an anisotropic dry etching process
may be used to remove excess portions of the second MEMS
layer 202a, thereby resulting 1n the second MEMS structure
2026 having sidewalls as illustrated 1n FIG. 6. Where the
second MEMS layer 202a comprises the uppermost layer of
a MEMS device, the amisotropic dry etching process 1s fol-
lowed by a timed dry 1sotropic etching process, performed 1n
a biasless environment. The 1sotropic etching process
removes portions of the second MEMS structure 2025 along
the sidewalls of the second MEMS structure 20256 thus form-
ing the sloped sidewalls of a second MEMS structure 202c¢
shown 1n FIG. 7.

Thereatter, the photoresist 204 1s removed and, as 1llus-
trated 1n FI1G. 8, the two stage etch process (an anisotropic dry
ctch followed by an isotropic dry etch) used to pattern the
second MEMS layer 202a results 1n the tapered sidewalls of
the second MEMS structure 202¢ such that angle o 1s less
than 75°, and 1n the 1llustrated embodiment, between about
70° and about 73°. It has been found that tapering the side-
walls of the uppermost layer to have an angle less than 75°
reduces the stress of the subsequently formed metal/ceramic
layer 1n the corners, particularly in the corner regions where
the second MEMS structure 202¢ meets the first MEMS
structure 2015 and where the first MEMS structure 2015
meets the passivation layer 203. Furthermore, 1t has been
found that a sidewall slope between about 70° and about 73°
on the uppermost layer provides significant advantages 1n
formation of the metal/ceramic layers without requiring addi-
tional space. As 1llustrated 1n FIG. 8, tapered sidewalls of the
first MEMS structure 2015 may be greater than the tapered
sidewalls of the second MEMS structure 202¢, including,
¢.g., less than or greater than about 75°.

Furthermore, it should be noted that two layers are shown
for illustrative purposes only and that embodiments of the
present mnvention may also encompass a MEMS device, or a
portion ol a MEMS device, having a single layer, or three or
more layers. In another embodiment, three or more layers
may be formed. In this alternative embodiment, the upper-
most layer has tapered sidewalls. For example, 11 a third
MEMS structure were to be formed over the second MEMS
structure 2025, then the third MEMS structure would have an
angle of approximately o. In embodiments having a single
layer, the single layer has tapered sidewalls with an angle of
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approximately a formed according to the two stage etch pro-
cess described above with respect to second MEMS structure
202c.

It should also be noted that the method illustrated 1n the
Figures assumes that the first MEMS layer 201a may be
formed and patterned to form the first MEMS structure 2015,
and then the second MEMS layer 202a may be formed and
patterned to form the second MEMS structure 202c¢. In
another embodiment, however, the first MEMS layer 201a
and the second MEMS layer 202a are both formed and then
both are patterned to form the first MEMS structure 2015 and
the second MEMS structure 2025. An 1sotropic dry etching,
process 1s then used on the second MEMS structure 2025 to
form the second MEMS structure 202¢ having sloped side-
walls.

Referring now to FI1G. 9, ametal/ceramic multilayer 300 1s
shown 1n accordance with an embodiment of the present
invention. A person of ordinary skill in the art will note that
the sloped sidewalls of the second MEMS structure 202c¢
allow for relatively uniform formation of the metal/ceramic
multilayer 300, such that the thickness of the metal/ceramic
multilayer 300 on horizontal surfaces 1s approximately equal
to the thickness of the metal/ceramic multilayer 300 on ver-
tical surfaces. In the embodiment illustrated in FIG. 9, the
metal/ceramic multilayer 300 comprises a first metal seed
layer 301, a first ceramic layer 302, a second metal seed layer
303, and a second ceramic layer 304.

The first metal seed layer 301 1s formed over the passiva-
tion layer 203, the first MEMS structure 2015, and the second
MEMS structure 202¢. In the 1llustrated embodlment the first
metal seed layer may be TiAl, AlCu, TaAl, Al, or the like,
formed by a sputtering process. Thereafter, the first ceramic
layer 302 1s formed over the first metal seed layer 301. The
first ceramic layer 302 1s may be a T1AIN layer, or the like,
formed using a sputtering process, although other materials,
such as AICulN, TaAIN, AlO, and processes are contemplated.
The second metal seed layer 303 1s formed over the first
ceramic layer 302, and the second ceramic layer 304 1is
tformed over the second metal seed layer 303. The second
metal seed layer 303 and the second ceramic layer 304 may be
formed using similar materials and processes as those used to
form the first metal seed layer 301 and the first ceramic layer
302, respectively.

It should be noted that the metal/ceramic multilayer 300
shown 1n FIG. 9 includes two layers of metal and ceramic
materials for 1llustrative purposes only, and that the number of
layers 1n the metal/ceramic multilayer 300 may incorporate
only one layer, or three or more layers. A person of ordinary
skill 1n the art will recognize that the metal/ceramic layers
may 1interconnect the various components formed on the
semiconductor waier or form an upper element of a MEMS
device, while also providing structural support to the under-
lying semiconductor/MEMS device.

In an alternative embodiment, illustrated in FIG. 10, a first
MEMS layer 201a and a second MEMS layer 2024 may be
formed and excess portions of the first MEMS layer 201a and
the second MEMS layer 202a may be removed by an aniso-
tropic dry etching process, creating a first MEMS structure
2015 and a second MEMS structure 20256. A patterned pho-
toresist layer 205 1s formed over the second MEMS structure
202b. The photoresist layer 205 1s exposed through a photo-
mask 1n which a focus-energy matrix of a photoresist profile
1s adjusted to allow light to impinge on the photoresist layer
205 such that the patterned photoresist layer 205 has tapered
sidewalls of approximately angle a after the photoresist layer
205 has been developed. The angle ¢ 1s less than 75°, and 1n
the 1llustrated embodiment, between about 70° and about 73°.
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Furthermore, 1t has been found that a slope between about 70°
and about 73° provides significant advantages in formation of
the metal/ceramic layers without requiring additional space.

Referring now to FIG. 11, a metal/ceramic multilayer 300
1s shown 1n accordance with an embodiment of the present
invention. A person of ordinary skill in the art will note that
the sloped sidewalls of the photoresist layer 205 allow for
relatively uniform formation of the metal/ceramic multilayer
300, such that the thickness of the metal/ceramic multilayer
300 on horizontal surfaces 1s approximately equal to the
thickness of the metal/ceramic multilayer 300 on vertical
surfaces. In the embodiment i1llustrated in FIG. 11, the metal/
ceramic multilayer 300 comprises a first metal seed layer 301,
a first ceramic layer 302, a second metal seed layer 303, and
a second ceramic layer 304.

The first metal seed layer 301 1s formed over the passiva-
tion layer 203, the first MEMS structure 2015, the second
MEMS structure 202¢, and the photoresist layer 203. In the
illustrated embodlment the first metal seed layer may be
T1Al, AlCu, TaAl, Al, or the like, formed by a sputtering
process. Thereaiter, the first ceramic layer 302 1s formed over
the first metal seed layer 301. The first ceramic layer 302 1s
may be a T1AIN layer, or the like, formed using a sputtering
process, although other materials, such as AICulN, TaAlIN,
AlQO, and processes are contemplated. The second metal seed
layer 303 1s formed over the first ceramic layer 302, and the
second ceramic layer 304 1s formed over the second metal
seed layer 303. The second metal seed layer 303 and the
second ceramic layer 304 may be formed using similar mate-
rials and processes as those used to form the first metal seed
layer 301 and the first ceramic layer 302, respectively.

It should be noted that the metal/ceramic multilayer 300
shown 1n FIG. 11 includes two layers of metal and ceramic
materials for illustrative purposes only, and that the number of
layers 1n the metal/ceramic multilayer 300 may incorporate
only one layer, or three or more layers. In an embodiment, the
photoresist layer 205 comprises a sacrificial layer used to
provide structural support during the formation of the metal/
ceramic layers and in further processing of the watfer on
which the MEMS device resides. The photoresist layer 205
may be removed 1n later processing freeing the metal/ceramic
layer for operation as a part of the MEMS device. A person of
ordinary skill in the art will recognize that the metal/ceramic
layers may also interconnect the various components formed
on the semiconductor water and provide structural support to
the underlying semiconductor/MEMS device.

One of ordinary skill in the art will appreciate that the slope
of the sidewall 1s such that cracks 1n the metal/ceramic layers
at topographical changes 1n the MEMS device are reduced or
climinated. Thus, the metal/ceramic layers deposited on the
sloped sidewall of the MEMS structure comprise a compo-
nent of the MEMS device while also providing additional
strength to the underlying semiconductor device and inter-
connecting the elements with less resistance.

Although the present invention and its advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application 1s not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present inven-
tion, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
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achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:

1. A semiconductor device comprising:

a substrate;

a first layer over the substrate, the first layer having a first
sidewall and a second sidewall, each of the first sidewall
and the second sidewall having a slope of 75 degrees or
less: and

one or more metal/ceramic layers formed over the first
layer, the one or more metal/ceramic layers extending
from the first sidewall to the second sidewall.

2. The semiconductor device of claim 1, further comprising
one or more layers interposed between the first layer and the
substrate, the one or more layers having a sidewall slope of
greater than the slope of the first sidewall and the second
sidewall.

3. The semiconductor device of claim 2, wherein the side-
wall slope of the one or more layers 1s less than 75 degrees.

4. The semiconductor device of claim 1, wherein at least a
portion of the one or more metal/ceramic layers comprises at
least a part of a MEMS device.

5. The semiconductor device of claim 1, wherein the slope
of the first sidewall and the second sidewall 1s between about
70 degrees and about 73 degrees.

6. The semiconductor device of claim 1, wherein the one or
more metal/ceramic layers over the first layer comprises:

one or more metal seed layers; and

one or more ceramic layers.

7. The semiconductor device of claim 6, wherein the one or
more metal seed layers are formed of T1Al, AlCu, TaAl, Al, or
combinations thereof.

8. The semiconductor device of claim 6, wherein the one or
more ceramic layers are formed of TiAIN, AICuN, TaAlN,
AlQO, or combinations thereof.

9. A semiconductor device comprising;

a substrate;

one or more layers over the substrate;

a first layer over the one or more layers, the first layer
having a sidewall slope of 75 degrees or less, the one or
more layers having a sidewall slope greater or equal to
the sidewall slope of the first layer; and

one or more metal/ceramic layers completely covering an
upper surface of the first layer.

10. The semiconductor device of claim 9, wherein the
sidewall slope of the one or more layers 1s less than 75
degrees.

11. The semiconductor device of claim 9, wherein the
sidewall slope of the first layer 1s between about 70 degrees
and about 73 degrees.

12. The semiconductor device of claim 9, wherein the first
layer comprises a photoresist layer.

13. The semiconductor device of claim 9, wherein at least
a portion of the one or more layers and the one or more
metal/ceramic layers form at least a portion of a MEMS
device.
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14. The semiconductor device of claim 9, wherein at least

a portion of the first layer, the one or more layers, and the one

or

M.

more metal/ceramic layers form at least a portion of a
EMS device.

15. A MEMS device comprising;:

a substrate;

one or more layers over the substrate, the one or more
layers having sloped sidewalls;

a first layer over the one or more layers, the first layer
having sloped sidewalls, the sloped sidewalls of the one

or more layers having a greater slope than the sloped
sidewalls of the first layer; and

one or more metal/ceramic layers over the first layer and
the one or more layers.

16. The MEMS device of claim 15, wherein the first layer

comprises a photoresist layer.

17. The MEMS device of claim 15, wherein:

the first layer has sloped sidewalls between about 70
degrees and about 73 degrees; and

the one or more layers has sloped sidewalls less than 75

degrees.
18. The MEMS device of claim 15, wherein the one or

more metal/ceramic layers over the first layer comprises:

one or more metal seed layers; and

one or more ceramic layers.
19. The MEMS device of claim 18, wherein the one or

more metal seed layers are formed of T1Al, AlCu, TaAl, Al, or
combinations thereof.

20. The MEMS device of claim 18, wherein the one or

more ceramic layers are formed of TiAIN, AICuN, TaAlIN,
AlO, or combinations thereof.

21. A semiconductor device comprising:

a substrate;

a first layer over the substrate, the first layer having a
sidewall slope of 75 degrees or less; and

one or more metal/ceramic layers formed over the first
layer, wherein at least a portion of the one or more
metal/ceramic layers comprises at least a part of a

MEMS device.
22. The semiconductor device of claim 21, further com-

prising one or more layers mterposed between the first layer
and the substrate, the one or more layers having a sidewall
slope of greater than 75 degrees.

23. The semiconductor device of claim 21, further com-

prising one or more layers mterposed between the first layer
and the substrate, the one or more layers having a sidewall
slope greater than the sidewall slope of the first layer.

24. The semiconductor device of claim 21, wherein the

sidewall slope 1s between about 70 degrees and about 73
degrees.

25. The semiconductor device of claim 21, wherein the one

or more metal/ceramic layers over the first layer comprises:

one or more metal seed layers; and
one or more ceramic layers.
26. The semiconductor device of claim 25, wherein the one

or more metal seed layers are formed of T1iAl AlCu, TaAl, Al,
or combinations thereof.

27. The semiconductor device of claim 25, wherein the one

or more ceramic layers are formed of T1AIN, AICulN, TaAlIN,
AlO, or combinations thereof.
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